This paper contributes to the heated debate on the link between climate and civil war. We exploit a large dataset of a drought index commonly used in hydrology, the Palmer Drought Severity Index (PDSI). The PDSI is based on a hydrological model and is a cumulative measure that takes account of past climatic variables. Our analysis takes account of country fixed effects, removal of the most influential observations, use of alternative sample periods and changes to the battle-death threshold. Overall, results show a robust link between drought and civil war in Sub-Saharan African states after independence.
Climate change will generate an increase in the number of abnormal climatic events, such as droughts, floods and hurricanes (Intergovernmental Panel on Climate Change, 2007) . These climatic anomalies might have disastrous consequences for countries with scarce fresh water supply and economies that depends on local agriculture. Given that the poorest of African households derive between 60% and 100% of their income from agricultural activities (Davis et al., 2007) and often have no access to safe water, 1 Sub-Saharan Africa is one of the most adversely climate change affected regions in the world. The civil war in Darfur is an ethnic conflict between Arabs and Black Africans, but there is a consensus that drought (and desertification) is a contributory causes of this war because it increases disputes over arable land and water (Stephan, 2009) . Climate anomalies may increase competition for resources, and cause tensions that escalate into civil war. In this paper, we exploit a large dataset from the Palmer Drought Severity Index, a drought index used in hydrology, to show that drought has had a positive and robust effect on the incidence of civil war, in the period 1945 -2005 African states following independence.
Our paper contributes to recent and heated debate on the link between climate and civil war.
The seminal paper by Miguel et al. (2004) refers to the Sub-Saharan African countries in the period 1981-1999 and shows that positive rainfall variations decrease the likelihood of civil war through their positive impact on GDP. 2 Burke et al. (2009) focus on the direct link between climate and civil war. They study a reduced form relationship between rainfall, temperature, and civil war and show that higher temperatures increase the likelihood of civil war. Several scholars have challenged the robustness of the link between rainfall/temperature and civil war; their arguments fall into two categories.
The first set of arguments relates to the lack of robustness to changes in the data and/or in the coding choices. Jensen and Gleditsch (2009) argue that the measure of conflict in Miguel et al. (2004) is problematic and that estimates of the effect of growth on civil conflict should be limited to conflict in a state territory. Along the lines of Fearon and Laitin (2003) , they consider that negative economic shocks will decrease the capacity of governments to send troops to fight in civil wars in other states; however, Burke et al. (2010a) explain this mechanism as negative economic shocks making it easier to recruit fighters (because of their reduced opportunity cost). Buhaug (2010) argues that the result is not robust to changes in the model specification (fixed effects and trends), in the rainfall and precipitation measures, or changes in the battle death threshold (which allows us distinguish between times of civil war and peace). Buhaug et al. (2010) argue that the effect is not robust to removing few very influential problematic observations, nor to alternative sample periods (within the 1960-2008 period).
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The second category of critique relates to the choice to model climate. Ciccone (2011) argues that Miguel et al. (2004) 's finding rests on their choice of estimating the link between rainfall variations and civil conflict. He claims that the result is driven by a positive correlation between lagged rainfall levels and civil conflict. Ciccone (2011) uses the latest data and finds no link between rainfall levels and civil conflict. Miguel and Satyanath (2011) 's response is that if the focus is on the causal relationship between economic shocks and civil conflict, the use of rainfall levels rather than rainfall variations does not affect their initial result. They provide some theoretical arguments to explain why they think that rainfall variations are a better measure 3 See also the argument in Burke et al. (2010a) and Burke et al. (2010b) on the relevance of Buhaug's criticism.
3 than rainfall levels.
The contribution of this paper is threefold. First, we exploit a large dataset from the PDSI (Palmer, 1965) . 4 The PDSI provides a better measurement of drought than precipitation or temperature levels. The PDSI is based on a hydrological model and it is a cumulative measurement which takes into account past climatic variables. Second, our database covers a longer time period than the studies in the literature which usually refer to the 1980s and the 1990s. Third, we find a positive and significant effect of drought on the incidence of civil war in Sub-Saharan African states after their independence. This result is robust to changes in the model specification (fixed effects and trends), to the removal of the most influential observations, to the use of alternative sample periods and to changes in the battle death threshold.
The remainder of the paper is structured as follows. Section 2 describes the PDSI data, the control variables and our estimation framework. Section 3 presents our results regarding the effect of drought on the incidence of civil war. Section 4 concludes. 
Other Variables
We use the last version of the UCDP/PRIO civil war database (version 4-2009) . We use the dummy variable civil war incidence, which is equal to 1 for years with a number of deaths greater than 1,000, and 0 otherwise (we discuss our results for alternative coding choices later).
The UCDP/PRIO database includes three categories of conflict: extrasystemic, internal and internationalised armed conflict. These are defined as follows. An extrasystemic armed conflict occurs between a state and a non-state group outside its own territory. Extrasystemic wars include colonial wars and imperial wars. An internal armed conflict occurs between the government of a state and one or more internal opposition group(s) without intervention from other
states. An internationalised internal armed conflict occurs between the government of a state 6 and one or more internal opposition group(s) with intervention from other states. We use data from the Correlates Of War (COW) to check the robustness of our results.
We also consider other determinants found in the literature (Fearon and Laitin, 2003; Collier and Hoeffler, 2004) . GDP growth and Population data are from the World Bank. The Percentage of Mountainous Terrain, Oil, U.K. and French colony are from Fearon and Laitin (2003) .
Oil is a dummy that is 1 if a country's fuel exports exceeds one-third of its export revenues. 
Estimation Framework
The recent debate on the existence of a link between climate and civil war in Sub-Saharan Africa uses country fixed effects and time trends. They serve as substitutes for variables suspected to be endogenous (e.g. GDP), to control for unobserved heterogeneity, and to take account of temporal trends in the causes of conflicts. In most of our estimates, we follow the literature and use a reduced-form relationship which links civil war and drought:
where i denotes the country and t denotes time. W ar it is the incidence of civil war or onset of the civil war. The civil war onset index is coded 1 for the first year of the civil war, 0
for each year of peace and set to missing from the second year to the last year of the civil war. The incidence of civil war index, which is a subsume of civil war outbreak and civil war 7 continuation, is a dummy variable which is 1 for years with a number of battle related deaths greater than 1,000 and 0 otherwise (peace).
Drought it is the PDSI and it is the error term. Most of our specifications include country fixed effects (α i ) and country specific time trends (T rends it ). The probit and logit procedures exclude countries that have not experienced a civil war when country fixed effects are included and this restricts our sample to 13 countries. Our database includes 37 countries (see Table 6 in Appendix A) and we apply the least squares method to most of our estimates to retain the maximum number of observations. All reported standard errors are consistent for heteroskedasticity.
It is highly probable that least squares estimates of the error terms in equation 1 will present time-series correlation within country observations. Bertrand et al. (2004) highlight that the inclusion of country fixed effects is not enough to overcome this issue. The usual method is to compute cluster-robust standard errors at country level as in Ciccone (2011) . Ignoring clustering leads to underestimation of the standard errors. However, in our case clustering introduces another issue because our specification includes a larger number of exogenous variables (37 country dummies (fixed effects), 37 country specific time trends and the PDSI) than the number of clusters (37). Cameron and Miller (2011) claim that it is not possible to perform a test of overall significance of the regression when the number of exogenous variables is at least as high as the number of clusters. 6 This issue is as important as the issue of the bias induced by ignoring clustering at country level. Therefore, when estimating cluster-robust standard errors we do not include fixed effects and country specific time trends in the specification.
Countries 3.1 Main results
We focus on the effect of drought on the incidence of civil war over the period 1945 to 2005.
The first column in Table 1 shows our estimates of equation (1) (the sensitivity of our result to the time window is discussed in section 3.2). As Buhaug (2010) argues, the exogenous nature of the climate index and our conscious focus on the relatively homogenous Sub-Saharan Africa, might lead us to assume that the simple correlation is sufficient.
However, if there is a correlation this may be a statistical artefact and there may be no causal link between drought and civil war due to omission of the variables representing the true underlying forces. To overcome the potential bias induced by omission of independent variables, we introduce country dummies and country specific time trends (column (2) in Table 1 ). The positive link between drought and the incidence of civil war during 1945-2005 is no longer significant.
The previous regressions were run for data including extrasystemic, internal and internationalised civil wars. We think that the non-significant effect shown in column (2) in Table 1 9 may be due to the inclusion of extrasystemic civil war. Jensen and Gleditsch (2009) argue that according to Fearon and Laitin (2003) , negative economic shocks should decrease the capacity of governments to send troops to civil wars in other states. We think that this restriction should be considered in the context of our analysis; thus, we run a third regression using the specification in (1) with country fixed effects and trends. Column (3) presents our estimates when extrasystemic civil wars are excluded. The results suggest that drought has no causal effect on the incidence of civil war since the coefficient of the PDSI variable is not significant. (Fearon and Laitin, 2003) . Fearon and Laitin (2003) propose two ways to include anticolonial civil wars.
The first corresponds to the way the data we used in our estimates shown in Table 1 are coded.
The data are coded such that Ivory Coast is a single "state" for the whole 1945-2005 period (in fact it was part of the French empire from 1895 to independence in 1960). In other words,
we consider "states" that did not exist (such as "Ivory Coast" from 1945 to 1960). This coding strategy also ignores the existence of colonial empires, but note that this is a potential reason for the non significant effect of the estimates in columns 2 and 3 in Table 1 . Indeed, the significance of drought may be strongly reduced because a coloniser may compensate for its adverse effects.
The second strategy is to consider colonial empires. For instance, Ivory Coast and Cameroon are categorized as belonging to the French empire before they gained independence (in 1960).
Considering colonial empires requires the construction of explanatory variables for whole empires. Fearon and Latin conclude that, although possible, it would be very problematic to code variables such as GDP, ethnic fractionalization and democracy score. Also, in our context it makes little sense to assign a climate value to a whole colonial empire. For instance, it would be meaningless to assign the PDSI value of the French metropole (coloniser) to French colonies (such as Ivory Coast and Cameroon), or to assign the value of the PDSI averaged over the whole French empire to French colonies.
We choose then to focus on civil wars in independent African states and to exclude the colo- Table 2 shows the estimates of the specification in equation (1) restricting the sample to independent countries. Column (1) in Table 2 shows the estimates with the dependant variable that includes both internationalised and internal civil wars (country fixed effects and country time trends are included). 8 The effect of drought on civil war is positive and significant.
We can distinguish between internationalised civil wars and internal civil wars because they are different (in internationalised civil wars the underlying cause of the continuation of war may depend on the intervener). We find that drought has no effect on the incidence of internationalised civil wars (column (2) in Table 2 ). We suspect that there is no effect because we do not control for the characteristics of the intervener. However, we do not pursue this direction since analysis of interventions is outside the scope of the present paper. We choose instead to focus on internal civil wars.
We find that drought (PDSI) has a positive effect on the incidence of internal civil wars.
Column (3) in Table 2 represents our preferred specification (124 observations with W ar it = 1).
In columns (4) and (5) we add the lagged civil war incidence variable as the probability that civil war depends on whether there was a war in the previous year. Column (4) reports least squares estimates and column (5) reports system-General Method of Moment (GMM) estimates of this dynamic equation. 9 As the Sub-Saharan countries have some common trends, such as economic development and democratization, we include a common time trend (across countries). The effect of drought is still positive and significant (see column (6) in Table 2 ). Thus, the results in Table 2 show a robust effect of drought on civil war in the Sub-Saharan countries after independence. Note: Robust Standard errors in parentheses with * * * , * * and * respectively denoting significance at the 1%, 5% and 10% levels.
Column (1) to (4) and (6) using OLS. The method of estimation is system-GMM for column (5).
Robustness checks
In this section, we show that our results are robust and pass several sensitivity tests. One of the arguments used against the result in Miguel et al. (2004)'s seminal work is that the link between rainfall and civil war fails to pass several sensitivity tests (see Buhaug (2010) ). We show that our results are much less sensitive.
First, we test the sensitivity of our results to a change in the time frame of the sample considered. The processes of democratization and the development of Sub-Saharan Africa might have induced changes in the relationship between drought and civil war during the post-World War II period. Thus, the effect of drought on civil war may be sensitive to the time frame in our sample. We use our preferred specification (in column (3) in Table 2 ) and re-estimate the effect of drought on civil war for all possible time intervals of a minimum of 20 consecutive years (i.e. 861 estimates). The graph at the top of Figure 2 represents the size of the coefficient of the 13 PDSI ( β 1 ) for every possible start and end years in the timescale. We choose the value of the estimated coefficient of the PDSI in our preferred specification (0.67) as a reference (column (3) in Table 2 We test the robustness of our result to the exclusion of the most influential observations.
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Our preferred estimates (column (3) in Table 2 ) run over 1,597 observations, 124 of which are observations with civil war. Thus, the results may be very sensitive to the inclusion/exclusion of a small number of observations. We use the dfbeta statistic for the PDSI to identify observations that are likely to exercise an overly large influence. We use our preferred specification (column (3) in Table 2 ). The critical value is 2/ √ n, where n is the number of observations.
We find a threshold that amounts to .05 and identify 74 observations with higher dfbeta values.
When these observations are excluded, the estimated coefficient of the PDSI is lower and less 1945 1950 1955 1960 1965 1970 1975 1980 1985 Start Year 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 End Year < 0 0 -0.68 > 0.68 1945 1950 1955 1960 1965 1970 1975 1980 1985 Start Year 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 End Year
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Significance of Drought significant; however, it remains significant at the 10% level. This confirms the robustness of the effect of drought for the post colonial period (see Table 5 in Appendix A).
We now test whether our results are sensitive to a change in the battle-related deaths threshold. There is an usual distinction in the litterature, between civil war and civil conflict, according to the number of battle-related deaths (the focus in this paper is on civil war years, e.g. when the number of battle related deaths per year is larger than 1,000). We re-code our dependent variable W ar it for each threshold between 25 and 200,000 battle-related deaths per year and re-estimate our preferred specification. Figure 3 reports the value of the estimated coefficient of the PDSI at the 10% confidence interval (grey area). The coefficient of the PDSI is positive and significant as long as the threshold is higher than 1000 deaths. 11 The coefficient of the PDSI is positive for thresholds between 25 and 999 (battle deaths each year), but not significant in most cases. Drought has a positive and robust effect on civil war as long as the battle-death threshold is at least 1,000. Another usual index of civil war is onset (or outbreak) of civil war. It is set at 1 for the first year of civil war, set to missing for the subsequent civil war years, and at 0 for peace years. Table 3 presents our results. The four columns correspond to the specifications used to find the estimates in Table 1 column (3) and Table 2 , columns (1)- (2) and (3) (respectively) where the index of civil war incidence is replaced by the onset of civil war index. Our results are qualitatively unaffected.
We test also for whether exploiting the Correlates Of War (COW) database rather than the UCDP/PRIO database affects our results. We find our results hold if we estimate our preferred Note: Robust Standard errors in parentheses with * * * , * * and * respectively denoting significance at the 1%, 5% and 10% levels. OLS regressions specification and that is robust to a change in the timescale (see Table 7 and Figure 6 in Appendix B).
So far, we have included country fixed effects and trends in our estimates, but not any other control variables. This prudent strategy gives us confidence that our estimates do not suffer from any endogeneity bias. However, country fixed effects and trends cannot control for all the underlying causes of civil war. Table 4 shows the results when variables that are commonlyused in the political science litterature are included (Collier and Hoeffler, 2004; Fearon and Laitin, 2003) . The estimates are for the 1960-2005 period only, because of the availability of some of the variables. However this time range is still longer than the time ranges in the previous studies (usually in the range . Column (1) presents the estimates when we include growth of GDP, population size (log of), number of peace years, democracy index (Polity 2) and the squared democracy index (which captures non linear effects). Column (2) presents our estimates including the incidence of civil war in the previous year, instead of peace years. Column (3) estimates include common time trends instead of individual time trends, and column (4) estimates with country fixed effects replaced by several country-specific timeinvariant controls (surface of mountainous terrain (log %), a dummy for U.K. colony, a dummy for French colony and a dummy for major oil exporter). Column (5) presents the results with bootstrap, cluster-robust, standard errors at country level (Cameron et al., 2008) . The results are robust. Column (6) shows our estimates using a probit estimation procedure. To avoid perfect prediction, we do not include country fixed effects and trends, hence we exclude countries with no variations in the incidence of civil war index. The link between drought and civil war is still significant.
Quantifications at country level
In order to get some insight into the possible consequences of future droughts, we quantify the effect of drought on the probability of civil war at country level. We simulate the effect of drought, keeping all else constant and quantify changes in the distribution of the probabilities of civil war incidence for the Sub-Saharan African countries, using different scenarios. The probabilities are computed after a probit estimation using the same specification as the one in column (6) of Table 4 . Typically, we consider variations to the probability of civil war incidence in 2005 as a hypothetical change in the climate from a "normal" (PDSI=15) to an "extremely dry" situation (PDSI=25). The induced variation of the average probability of civil war incidence in Sub-Saharan Africa is large: this change from a "normal" to an "extremely dry" climate increases the average probability of civil war incidence by approximately 60%.
This probability is 7, 5% for a "normal" climate and 12% for an "extremely dry" climate. The analysis is conducted at country level. We simulate three different probabilities of civil war for each country. First, we compute the predicted probability of civil war for each country in 2005 Note: Robust Standard errors in parentheses with * * * , * * and * respectively denoting significance at the 1%, 5% and 10% levels. OLS regressions, except for specification 6. Column 5, bootstrap cluster-robust standard errors at country level.
given its individual PDSI value. Second, we compute the hypothetical probability of incidence if PDSI is equal to 15 (a "normal" climate) and 25 (an "extremely dry" climate). The three predicted probabilities for each country are reported in Table 6 . Figure 4 shows the distribution of Sub-Saharan African countries for each of the three predictions (see Appendix A). With a "normal" climatic situation (PDSI = 15) the probability of civil war is lower than 50% for all countries except Angola (61,4%) and Nigeria (58,3%). Under the conditions of an "extremely dry" climate (PDSI=25), the distribution of countries becomes flatter with a shift to the right,
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and a hole appears around 50%. Five countries (Angola, Ethiopia, Nigeria, Sudan, Uganda) have a very high estimated probability of civil war (higher than 55%) for an "extremely dry"
climate. 12 Although these countries have a high probability of civil war under "normal" climate conditions (PDSI=15), this increases by more than 30% with the change to an "extremely dry"
climate (PDSI=25). Figure 5 presents the probabilities for the nine countries with the highest estimated probabilities of civil war, for the three scenarios (see Appendix A).
These quantifications should be interpreted with some caution since we consider only changes to drought conditions; any changes in the other variables are left aside. However, our results
show clearly that drought has a strong positive effect on the risk of civil war.
Conclusion
In this paper, we used a hydrological measurement of drought, the Palmer Drought Severity Index, with values computed according to a supply and demand model of soil moisture. We showed that drought (PDSI values) and the incidence of civil war are robustly and positively linked for the independent Sub-Saharan African countries. It is important to note that, as discussed, our analysis is not subject to the criticisms leveled at studies that rely on rainfall and temperature data, and we show that our results pass several sensitivity tests. 
